Introduction: Leisure time physical activity is of proven significance in surveys of fitness levels in various patient groups. Low physical functioning may affect recovery after liver transplantation (LTx).
Introduction
Decreased physical activity has been demonstrated in various studies analysing patients after transplantation, and it was found to be related to various factors including employment status [1, 2] or health-related quality of life [2] [3] [4] [5] . Patients who underwent liver transplantation (LTX) frequently complained of a variety of symptoms [4] [5] [6] , leading to significant restrictions in physical activity and functioning. The Minnesota Leisure Time Physical Activity Questionnaire (MILTPAQ) was introduced for the first time in 1978 [7] and has been subsequently used in numerous studies, indicating its usefulness as a tool for measuring patients' activities not related to their work. The Health Behaviour Inventory is a questionnaire assessing the approach of an individual to various behaviours considered supportive to a healthy way of life [8] . It has been applied in studies on pregnant women, patients with back pain, overweight individuals, and on other groups [8] [9] [10] [11] .
Leisure time physical activity and health-related behaviours after liver transplantation: a prospective, single-centre study
Aim
The aim of his study was to assess the leisure time activity and health-related habits of patients who had undergone LTx in our centre.
Material and methods
One hundred and seven (62 male/45 female, range: 21-67 years, median age 52 years) consecutive post-transplant patients who were reviewed in the outpatient clinic were included. Demographic data on analysed subjects is summarised in Table I . Indications for LTx included the following aetiologies: alcoholic (n = 24), viral (n = 15), autoimmune/cholestatic (n = 33), and other aetiologies (n = 35), respectively. They were also divided into three groups depending on the period after LTx: 6-12 months (group A); 13-36 months (group B); and over 36 months (group C).
Minnesota Leisure Time Physical Activity Questionnaire (MILTPAQ)
This questionnaire collects information on free time physical activity, providing a value of energy expenditure in kcal/week. Minnesota Leisure Time Physical Activity Questionnaire comprises a list of 63 sport, recreational, yard, and household activities. The participant is instructed to report whether or not they have performed each activity in the last 12 months [7] . One hundred and five (61 male/44 female) post-transplant patients completed MILTPAQ.
Health Behaviour Inventory (HBI)
The HBI contains 24 questions to evaluate health behaviour in four domains, which include nutrition habits, preventive behaviour, health practices, and mental attitude. Values selected by the tested individual are summed up to obtain an overall intensity of health behaviour in the range 24 to 120 points. The higher the score, the greater the intensity of the declared behaviours. The overall rate is converted into standardised units and is subject to interpretation in a scale of stens (1-4 stens -low score; 5-6 stens -moderate score; 7-10 stens -high score) [8] .
Statistical analysis
Data are shown as means and standard deviations and are analysed with student t-test and Anova. Correlations were tested with Pearson correlation test, where p < 0.05 was considered statistically significant. All data were analysed using Stat View (Carry, NC, US) software.
The study was approved by the Ethics Committee of Pomeranian Medical University.
Results
Primary indications for the LTx procedure and the period after grafting showed no significant relation to post-transplant physical activity assessed with MILT-PAQ (data not shown). Leisure time physical activity was significantly lower in females than in males (1804.3 ±1848.9 vs. 2619.9 ±2067, p = 0.03). A younger age at survey and at surgery were significantly associated with a higher activity (p = 0.02 and p = 0.03, respectively) ( Table II) .
Patients who returned to employment demonstrated a comparable total activity (kcal/week) to those who were not working 2338.9 ±2024.3 vs. 2240.7 ±2016.7; p = 0.80 (Table III) .
The HBI showed a significant correlation between all four domains and both age at transplantation and age at survey. There was also a negative correlation between positive mental attitude and body mass index (BMI). These data are summarised in Table II. Neither the primary indication for the procedure nor the period after surgery had a significant relationship with HBI (data not shown). Gender had no effect on HBI in the analysed groups of patients (data not shown). It was shown that working had a significant effect on the level of health behaviours in nearly all HBI categories (Table III) . 
Discussion
Organ transplantation has become increasingly important in the life-saving treatment of various diseases, and annually over 35,000 transplants of vital organs are carried out worldwide. There is also a growing body of evidence on the crucial role of exercise in the quality of life of transplant recipients -most studies show that exercise results in improved endurance and strength capacity in almost all groups of transplant recipients. With some precautions, organ transplant recipients can exercise and obtain effects similar to those achieved in the healthy population of similar age [12] .
The role of physical exercise for the proper functioning of the human body is obvious and indisputable. Physical activities can be divided into those associated with occupation and those undertaken only in leisure time, which requires adopting a healthy lifestyle. Many studies clearly show that regular physical activity in leisure time plays an important role in reducing risk factors and mortality rates [13] . In addition, physical activity has been shown to exert a beneficial effect on long-term recovery after major surgical operations, including LTx [14] .
The relationship between physical activity and graft outcome makes sense in light of other related research Leisure time physical activity and health-related behaviours after liver transplantation: a prospective, single-centre study on the impact of physical activity on health. Physical activity leads to improved cardiovascular function, which probably improves perfusion and oxygen delivery to a kidney graft, and may also delay development of atherosclerosis, the primary cause of death among kidney transplant recipients [15, 16] . A similar trend has been observed in lung recipients, showing that regular physical exercise has a positive effect and facilitates a faster return to active life after transplantation [17] . Also, recipients of a heart transplant note the benefits of moderate exercise, showing that regular exercise improves physical health and mental health [18] . Extensive research has also been carried out in the area of the relation between physical activity and cancer. Numerous reviews of epidemiological and randomised controlled trials have confirmed an inverse relationship between physical activity and the incidence of cancer [19] .
In our study we not only evaluated physical activity in leisure time, but we also applied HBI, which can assist in the programming of preventive measures, determining the direction of behaviour changes and monitoring changes in health-related practices. Previous studies with HBI have indicated its value in differentiating between categories of health-supporting and health-endangering behaviours, particularly in patients after severe surgical procedures. Importantly, despite the patients' knowledge regarding the need for proper health behaviours, most of them have problems in complying with the recommendations, particularly in their own daily life [8] . In our study, the physical activity of women after LTx assessed with Minnesota Leisure Time Physical Activity Questionnaire was significantly lower than in male patients. We also observed this trend in our previous work, in which another questionnaire (IPAQ) showed significantly lower physical activity in female patients compared to men [20] . A similar trend was observed in another study on heart recipients, where the surveyed men showed greater activity compared to women [21] . This confirms a pattern of physical activity observed in studies conducted in America and Europe. In many works, men had a higher level of activity in all age groups. This is due to the fact that men undertake regular exercise more often and more spontaneously [22, 23] .
A higher physical activity among younger patients after LTx was also reported [24] . Returning to work after LTx was not related to the level of physical activity in leisure time, perhaps due to a lack of time for systematic physical activity. However, our other study does not support this notion; we showed that patients who returned to work after LTx had significantly better health-related quality of life in most SF-36 domains, and a higher level of physical activity compared to those not working [20] .
This could be related to the fact that the evaluation of physical activity was based on the IPAQ questionnaire, which includes physical activity associated with work and leisure time [20] . Similar results were obtained by Slattery et al. , who demonstrated that working male patients with ischaemic heart disease had higher levels of moderate physical activity in MILTPAQ [25] . Other studies show that all candidates for transplantation typically have an impaired physical performance level that not only interferes with their ability to perform leisure time exercise, but often also limits their ability to perform even simple physical tasks such as climbing stairs [26] . After receiving a donor organ these patients report improved quality of life and are frequently able to successfully return to work [27] . While analysing the impact of work, age, and BMI of patients after LTx on health behaviour, a significant correlation was observed in almost all categories of health behaviour.
Conclusions
Patients' gender exerts a significant effect on the reported level of physical activity. Leaner and younger patients were more active according to MILTPAQ and had better indicators of health behaviour. The primary indications and time after transplantation had no significant relationship with the level of physical activity undertaken by patients after LTx or their health behaviours. Employment after surgery showed a significant correlation with HBI, but showed no relationship to the level of physical activity of individuals. This study confirms the benefits of regular physical activity and the need for proper health behaviours after LTx, as necessary complements to pharmacological treatment that assists in the return to an active life.
